Haloperidol-induced Nur77 expression in striatopallidal neurons is under the control of protein phosphatase 1 regulation by DARPP-32.
Impaired dopaminergic signaling in the striatum is involved in diseases as diverse as Parkinson's disease, addiction, and schizophrenia. An important pathophysiological aspect is the loss of balance between striatopallidal and striatonigral pathways. Nur77 is an orphan nuclear receptor and dopamine-regulated immediate-early gene. Classical antipsychotic drugs widely used in the treatment of schizophrenia, such as haloperidol, increase Nur77 mRNA expression in the striatum. However, little is known about the intracellular signaling pathways involved in Nur77 induction. Here, using pharmacological approaches and transgenic mutant mice, we investigated the mechanisms underlying the up-regulation of Nur77 protein expression in the dorsal striatum after haloperidol injection. In drd1a::EGFP transgenic mice that express GFP in D1 neurons, Nur77 up-regulation induced by haloperidol occurred predominantly in GFP-negative neurons. In Gαolf heterozygous mutant mice, in which cAMP production in response to A2A stimulation is impaired in the striatum, haloperidol effect was not altered. In contrast, in DARPP-32 knock-in mutant mice bearing a T34A point mutation of the site responsible for cAMP-dependent phosphatase 1 inhibition, Nur77 up-regulation by haloperidol was prevented. Haloperidol also induced Nur77 protein in D2 neurons of the nucleus accumbens core of wild type but not T34A knock-in mice. Thus, our results show that expression of Nur77 is induced by haloperidol in D2 receptors-expressing medium-sized spiny neurons, through cAMP-dependent regulation of protein phosphatase 1, which is likely to modulate the effects of other protein kinases. Our results clarify the mechanisms of Nur77 induction by antipsychotic and its possible contribution to extrapyramidal effects.